million were from India, accounting for more than a fifth of the global burden 1 . Vitamin D is known to be involved in both skeletal as well as extraskeletal functions like wound healing and regulation of immune response 2 . Vitamin D deficiency (VDD) is found to be very common worldwide with India, being a tropical country and majority of her people being exposed to sunlight throughout the year, there was a wrong notion that VDD is uncommon in India 3 . However, extensive data from the literature show that VDD is very common in India. Prevalence was found to be 74%-96% among the general healthy Indian population 4 . VDD has been linked to various diseases like diabetes mellitus, hypertension, myopathies, infections, inflammatory diseases, and autoimmune diseases 5, 6 . VDD was also found to be one of the predisposing factors for acquiring tuberculosis because of its role in both innate and acquired immunity www.e-trd.org ern countries, in India only limited and conflicting data were available regarding the same. Hence, the present study was designed to study serum 25(OH)D levels in newly diagnosed pulmonary tuberculosis patients and to assess its association with different sputum acid fast bacilli (AFB) positivity.
Introduction

Materials and Methods
Study population and ethical approval
The present study is a cross-sectional study, conducted in Departments of Biochemistry, Pulmonary Medicine, and General Medicine, Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER), Pondicherry, India. This study was approved by the Institute Ethics Committee (IEC, Human Studies).
Sixty-five newly diagnosed sputum AFB positive pulmonary tuberculosis patients and 65 apparently healthy control subjects were recruited for the study. A new case was defined as a patient who has never received treatment for pulmonary tuberculosis or has taken anti-tubercular drugs for less than one month. Patients with extrapulmonary tuberculosis, history of alcohol intake, malabsorption, liver or renal disorders, intake of drugs which can alter vitamin D levels, human immunodeficiency virus infection, diabetes, immunosuppressive treatment, severe protein energy malnutrition are excluded from the study. The results of the patient group were compared with the apparently healthy subjects.
The sample size was estimated with an expected difference in VDD between the healthy population and tuberculosis patients as 20% (20% vs. 40%) at 5% level of significance and 90% power. Using the statistical formula for comparing two populations, the minimum sample size required for the study was estimated to be 65 9 .
Assessment of sputum sample
Sputum AFB examination was done by fluorescent microscopy using Auramine-Rhodamine stain. The patients with confirmed tuberculosis were further classified into four groups Scanty, 1+, 2+, 3+ based on sputum AFB positivity as per Revised National Tuberculosis Control Program (RNTCP), Tuberculosis manual 2005 10 . As there were only two patients in the scanty group, it was not considered for any further statistical analysis.
Assessment of biochemical parameters
Five milliliters of venous blood sample collected from each of the subjects was centrifuged and sera used for the estimation of routine biochemical parameters immediately. Samples of sera for vitamin D analysis were stored in -80 o C.
Serum glucose, calcium, phosphorus, total bilirubin, aspartate aminotransferase, alanine aminotransferase, creatinine, total protein, and albumin using reagent kits adapted to an automated clinical chemistry analyser (AU 680; Beckman Coulter, Brea, CA, USA). Serum 25(OH)D was estimated using enzyme-linked immunosorbent assay kits from DIAsource (S.A Rue du Bosquet, Belgium). Serum intact parathyroid hormone (iPTH) was assayed by two-site sandwich immunoassay direct chemiluminescence method using reagent kits adapted to ADVIA Centaur (Siemens, Berlin, Germany).
Statistical analysis
Normality of the data was analysed by Shapiro-Wilk test. Results were expressed as mean±standard deviation. Independent Student' s t test was used to compare the results between cases and controls. Sputum grading and differences in vitamin D levels between and within groups of different ages and gender were analysed by one-way ANOVA. The association between vitamin D and sputum AFB positivity was analyzed using Pearson correlation test. Statistical analyses were performed using SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). The analysis was carried out at 5% level of significance and the pvalue of <0.05 was considered as statistically significant.
Results
Comparison of baseline characteristics
As compared to controls, serum iPTH levels were significantly elevated in tuberculosis patients. Though the serum 25(OH)D levels were found to be low in tuberculosis patients when compared with healthy controls, this difference was not statistically significant. Correspondingly we found the difference in total calcium, corrected calcium, phosphorus, and total protein levels. However, all parameters were in the reference range as shown in Table 1 .
Comparison of biochemical parameters in the study patients
To assess the association of serum 25(OH)D with the severity of tuberculosis, we studied serum 25(OH)D with respect to different levels of sputum AFB positivity, which indirectly reflects the severity of the disease. In the present study, 53% (n=35) had 3+, 35% (n=22) had 2+, and 12% (n=8) had 1+ sputum AFB positivity, respectively. The mean vitamin D levels amongst different grades of sputum smear positivity were found to be statistically significant. No statistically significant difference was found in iPTH, calcium, phosphorus, and total protein levels as shown in Table 2 . A strong negative correlation was found between serum vitamin D levels and different www.e-trd.org levels of sputum AFB positivity (r=-0.34, p=0.005) (Figure 1 ).
Discussion
Vitamin D is known to have an immunomodulating effect. However, earlier studies have reported conflicting data The present study showed a decreasing trend in vitamin D levels in tuberculosis patients, but this finding was not statistically significant when compared with healthy controls. In general, Indians even if apparently normal are known to have lower serum vitamin D levels 11 and hence, we did not find significant difference among cases and controls.
Even though previous studies have demonstrated decreased vitamin D levels in tuberculosis patients, their selection criteria for cases and controls were different, like the inclusion of tuberculosis patients on treatment, extrapulmonary tuberculosis, multidrug-resistant tuberculosis which might have influenced vitamin D levels. Few studies have also included patients with liver disease, renal disease, diabetes, and alcoholics in whom there might have been an altered vitamin D metabolism 9, [12] [13] [14] . The strength of our study is that we excluded most of the possible causes that would interfere with vitamin D metabolism.
Significantly elevated levels of iPTH was found in patients with tuberculosis when compared with controls. This is considered as a normal regulatory response to decreased calcium and phosphorus levels.
The mean serum 25(OH)D levels amongst different levels of sputum smear positivity revealed a significant reduction in vitamin D levels with increase in sputum smear positivity and also there was a strong negative correlation between AFB sputum positivity and serum 25(OH)D levels (r=-0.34, p=0.005) indicating that low vitamin D is associated with increased bacterial load. It has been found that vitamin D inhibit the multiplication of Mycobacterium tuberculosis in the macrophages by induction of anti-microbial peptide cathelicidin 15 . So, we speculate that with a decrease in vitamin D level in high sputum positivity (3+) cases reduces the anti-microbial activity and increases the multiplication of tubercle bacilli.
Kim et al. 16 shown that vitamin D inhibits collagen degradation by regulating interleukin 1-mediated matrix metalloproteinase synthesis, which helps in lung tissue repair and therefore better prognosis in tuberculosis patients.
In summary, the findings from the present study suggest that lowered levels of vitamin D were associated with an increase sputum AFB load in patients with tuberculosis. Therefore, the effect of vitamin D supplementation on sputum AFB load in tuberculosis patients needs to be explored.
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